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Abstract: In this observational study, we predicted the risk of having angiosclerosis for normotensive offspring with 

hypertensive parents in our customers via use of E-cardiac to measure the arterial stiffness, while E-Cardiac is one 

of the products of our company. A total of 1000 normotensive subjects (514 men and 486 women) aged 30 to 50 

years (mean age 43 ± 3 years) were consent by writing to provide the measurement data for this investigation from 

the year 2015 to 2023. The measured pulse wave velocity higher than 1200 cm/s was coded R =1 as having the risk 

of angiosclerosis for the subject, otherwise coded R =0. A Logistic regression model was constructed to estimate the 

probability of the occurrence of R=1 for normotensive offspring with the age of over 45 years old and hypertensive 

parents. However, the model sensitivity revealed at the classification cut-off point 0.15 with the accuracy was 40% 

only. We concluded that the angiosclerosis may not be determined via inheritance from the hypertensive parents. 
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Introduction 

Most of the time, parental hypertension is 

associated with angiosclerosis for the offspring [1, 

2]. The researchers reported that angiosclerosis 

measured by higher carotid-femoral pulse wave 

velocity might be heritable and have a genetic 

determinant [3]. Italian twin studies have also 

elucidated the genetic effects of arterial stiffness 

naturally [4]. The association between 

angiosclerosis and parental hypertension led to 

the concern about inherited angiosclerosis [5-8] 

but remains unclear [9-15].  

By use of E-cardiac analysis is a promising, 

simple, non-invasive technique with similar 

effectiveness, repeatability, and accuracy 

compared to carotid-femoral pulse wave velocity 

measurement results to assess arterial stiffness 

[16-18]. In this observational study, we used the 

shape variation of the pulse wave to present the 

arterial stiffness for the subjects. The objects were 

focused on (1) the observation of uncertainty of 

the risk of angiosclerosis and (2) exploring the 

impacts of eligible predictors for normotensive 

offspring [19, 20].  

 

 

 

Materials and methods 

Study population 

At baseline, since 2015, we have conducted 

a promotional customer value survey regarding E-

cardiac customer services. We recruited the 

follow-up participants (30-50 years old, n= 1500) 

who had undergone measurement for three or more 

years. Participants with prevalent hypertension, 

cardiovascular disease and missing values of 

physical exam variables were removed. A total of 

screened 1000 (514 men and 486 women) 

individuals were referred for the primary analysis 

in this observational study. This study was a long-

term survey of the satisfactions of using E-cardiac 

that can help us to know about the function and the 

customer value of the E-cardiac. 

 

Survey collection 

Survey was collected by the structured 

follow up questionnaires. Covariates included G 

(Gender), A (Age), BMI (Body Mass Index), 

HTM (Hypertensive mother), HTF (hypertensive 
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father), HTP (Hypertensive parents) and self-

blood-pressure. 

 

 

 

Blood pressure measurement  

Blood pressure (BP) was obtained on the 

right arm of the participants in the sitting position, 

using an automated measurement device DB62 E-

Cardiac according to current guidelines [21]. The 

mean of the three BP measurements was used for 

this analysis. Hypertension (SBP≥140 mmHg 

and/or diastolic BP (DBP) ≥90 mmHg) was 

diagnosed by self-measurements. The data were 

collected via the APP system. However, 

hypertensive subjects were eliminated. All the 

subjects without hypertension were categorized as 

normotensive group in this study.  

 

Arterial stiffness measurement  

Our developed app can be used to assess 

arterial stiffness [22]. DB62 is used to provide 

timing markers. Time difference ΔT (s) was 

identified as the time interval between the wave 

front of the brachial waveforms. The path length is 

hypothesized via the rate of heart beat. V= (La-

Lb)/ΔT, Lb=0.2195×height-2.0734 and 

La=0.8129×height+12.328 [23]. The BP (blood 

pressure) determined by the Oscillo metric sensor 

and the heart rate were simultaneously recorded 

during the measurement.  

 

Logistic Regression Analysis 

Logistic regression can be used as a predictive 

analysis tool [24, 25]. In this study, we defined the 

event R=1 as the case of having risk of high-risk of 

angiosclerosis (V≥1400 cm/sec) and the predictors that 

may impact the event include G, A, HTM, HTF, HTP, 

BP and BMI. However, if a predictor could not be 

significant, it would be removed. The object of this 

study was to check if a subject could be inherited the 

risk of angiosclerosis from his (or her) hypertensive 

parent. Using R as the dichotomous criterion variable 

with covariate variables, a Logistic regression analysis 

was performed. Eliminating of non-significant 

predictors, predictive probability of target event R=1 

for normotensive subject with covariate HTM, G and A 

was revealed. Two-tailed P-value ≤ 0.005 was a strict 

criterion for analysis being performed by IBM SPSS 22 

(IBM Inc, Chicago, IL, USA). Via the logistic 

regression analysis, the predictive probability of the 

R=1 can be estimated.  

 

ln(odd) = β0+β1×G+β2×A+β3×HTM  (1) 

Substituting the β values into the equation (1), we can 

get 

ln(odd) = -2.824+1.074×G+0.4×A+0.478×HTM 

 (2) 

 

where odd is defined as 
y

1−y
 and y is the predictive 

probability of the event of R=1, we can compute 

 

y =
odd

1+odd
      (3) 

 

From equation (1) to equation (3), we can determine y 

as the predictive probability of the event R=1 for the 

subjects. 

Most researchers tend to use higher cutoff point 

at least 0.4 to determine the most appropriate 

sensitivity. But when we deal with the binary predictor, 

we can accept the sensitivity value at smaller cutoff. 

Tabachnick and Fidell (2013) suggested using cutoff 

points as 0.32 (poor), 0.45 (fair), 0.55 (good), 0.63 

(very good) or 0.71 (excellent) [26]. Causal inference 

requires two components: a model for expressing 

causal knowledge and a mechanism for processing the 

model [27]. The causal inference can thus be explained 

as independent variable causes the dependent variable 

to respond when independent variable changes. In this 

study, since sensitivity is the feature of the probability 

of occurrence of an effect that affects the causality, 

sensitivity can associate with both causality and effect 

via binary logistic analysis. 

 

Results and discussion 

In Table 1, P-values of predictors for logistic 

analysis were listed. Only A (age), G (gender) and 

HTM (hypertensive mother) were eligible under 

criteria of p≤0.005 [28]. Taking measurement of V via 

the DB62 E-cardiac as a dichotomous criterion variable 

R, we constructed a binary logistic regression model 

for A, G, and HTM. Beta coefficients of the binary 

regression analysis are listed in Table 2.  
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Table 1. List of significance of the variables in logistic analysis 

Predictor Significance 

Age 0.000 

Gender 0.000 

HTM (hypertensive mother) 0.003 

HTP (hypertensive parents) 0.078 

HTF (hypertensive father) 0.219 

HDL (high-density lipoprotein) 0.221 

BMI (body mass index) 0.927 

 

 

Table 2.  β coefficients and odds ratio of predictors 

 

Predictor a β df Sig. O.R.b 
95% C.I. for O.R. 

Lower Upper 

A 0.4 1 0.015 1.492 1.08 2.062 

G 1.074 1 0.000 2.926 2.118 4.041 

HTM 0.478 1 0.003 1.613 1.179 2.207 

Constant -2.824 1 0.000 0.059 
  

a: the predictors and events are all coded in binary.; b: O.R.=EXP(β) 

 

 

In this study, sensitivity measures the percentage accuracy of the occurrence of R=1 and specificity measures 

the percentage accuracy of the occurrence of R=0. The predictive probability was calculated via the equation (1) to 

(3). G=1 presents a male and G=0 a female. A=1 presents the age≥45 years old and A=0 is the age<45 years old. 

HTM=1 presents offspring has a hypertensive mother and HTM=0 for a normotensive mother.  

In Table 3, the predictive probability of the occurrence of R=1 is demonstrated for normotensive offspring 

and it is shown that when the cutoff point was over 0.4, the sensitivity equals to zero and the specificity equals to 1, 

which means the accuracy of the probability to observe the occurrence of R=1 for the subjects with specific status of 

covariate predictors is zero. Status of covariate predictors impacted accuracy to predict the event of occurrence of 

R=1. The cutoff value of point 0.15 provided 39% accuracy (sensitivity) for classification of the occurrence of R=1. 

However, the predictive probability of R=1 is not affected by cutoff values. As a matter of fact, when the percentage 

accuracy of the prediction is zero, it is no sense to do any prediction. As we know, cutoff value means that a case is 

classified into the occurrence of the event when the predictive probability exceeds or equals the cutoff value; 

otherwise, it is classified into non-occurrence of the event. It was also realized that β coefficients would not be 

affected by classification cutoff. Nevertheless, cutoff impacts the sensitivity [29].  
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Table 3. Sensitivity and predictive probability of the predictors 

 sensitivity specificity 

cut off point 0.15 0.2  0.3 0.4 0.15 0.2 0.3 0.4 

binary predictors status* 

0.39 0.31 0.06 0.0 0.80 0.85 0.98 1.0 

G A HTM Probability 

1 1 1 29% 

1 0 1 22% 

0 1 0 21% 

1 0 0 15% 

0 1 1 13% 

0, 0 1 9% 

0 1 0 8% 

0 0 0 6% 

*: G=1for male; G=0 for female; A=1 for age ≥45 years old; A=0 for age< 45 years old; HTM=1 for hypertensive 

mother; HTM=0 for normotensive mother; Probability means for predictive probability of the occurrence of event 

R=1 (V≥1400 cm/s measured by DB2 E-Cardiac) 

 

The probabilities of predicting the occurrence of R=1 with different sensitivities and specificities are presented 

in Table 4. Predictive probability of sample subjects having angiosclerosis (V≥1400 cm/s) with hypertensive mother 

could be estimated via the Logistic regression analysis. Sensitivity explains a predictor that may or may not result in 

changing the predicted probability of the occurrence of target event. Predictor and target event can be a causal 

inference of each other. Based on causal inference, previous studies use the commonality of twins to remove the 

effects of causal swaps, making the results unreliable [4].  

Since cutoff threshold analysis has become a widely used data mining technique in many research and 

application fields, for example, to predict the activity or toxicological properties of untested chemicals to predict the 

carcinogenicity of rodents [30], the predictors of age (A), gender (G) and hypertensive mother (HTM) significantly 

influence the likelihood of the occurrence of events. From our analysis, the predictive probability of increased 

arterial stiffness (R=1) for normotensive offspring with a hypertensive mother is about 29%. 

 

 

Table 4. Sensitivity and specificity of the predictors for R=1 

Predictors cutoff Sensitivity 1 - Specificity 

HTM 0.00 1.000 1.000 

.50 .362 .272 

1.00 0.000 0.000 

A 0.00 1.000 1.000 

.50 .319 .233 

1.00 0.000 0.000 

G 0.00 1.000 1.000 

.50 .720 .472 

1.00 0.000 0.000 
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In Table 5, though we only have 39% accuracy to predict the occurrence of R=1 at the cutoff point of 0.15, 

the accurate predictive rate of the occurrence of R=0 at cutoff point of 0.15 is approximately 80%. We can thus take 

parts of the effect caused by the predictor as another event. For a new event, the probability can be calculated.  

For the target event of R=1, the sensitivity means percentage accuracy that was varied due to the predictive 

probability of the occurrence of R=1 and the specificity means percentage accuracy of the nonoccurrence of R=1. 

Meanwhile, for the target event of R=0, the sensitivity means percentage accuracy that was varied due to the 

predictive probability of the occurrence of R=0 and the specificity means percentage accuracy of the nonoccurrence 

of R=0. 

 

Table 5. Sensitivity and specificity of the predictors at cutoffs  

 

Event  Predictor Cutoff Sensitivity Specificity 

R=1 

HTM 0.5 0 1 

 
0.4 0.36 0.765 

 
0.3 1 0 

A 0.3 1 0 

 
0.32 0.288 0.723 

 
0.35 0 1 

G 0.8 0 1 

 
0.7 0.678 0.466 

 
0.6 1 0 

R=0 

HTM 0.5 0 1 

0.4 0.565 0.485 

0.3 1 0 

A 0.3 1 0 

0.32 0.505 0.464 

0.35 0 1 

G 0.8 0 1 

0.7 0.749 0.291 

0.6 1 0 

 

 

 

In Table 6, based on the characteristics of sensitivity analysis, we optimize the cutoff value points for events 

of R=1, G=1 and HTM=1 to get more reasonable prediction probability in logistic regression through the 

consideration of causal inference [31]. Causal inference may impact the change of the predictive probability for 

different target event at different conditions. Comparisons of the significance of predictors of Gender, R and HTM, 

the predictor AGE was removed for poor P-value (>0.005). At cutoff point of 0.25, it provides 64% accuracy that 

33% by chance that a male subject with the high-risk of angiosclerosis would have a hypertensive mother. But at 

cutoff point of 0.7, it provides 68% accuracy that 64% by chance that a subject having both hypertensive mother 

and high-risk of angiosclerosis would be a male. Through the discussion of causal inference, at cutoff point 0.2, 

only 23% accuracy was observed for a normotensive male subject with hypertensive mother, 24% by chance 

(predictive probability) could have the high-risk of increased arterial stiffness, which is insufficient to support the 

Event Predictor Cutoff Sensitivity Specificity Event Predictor Cutoff Sensitivity Specificity 

R=1 

HTM 

0.5 0 1 

RAS=0 

HTM 

0.5 0 1 

0.4 0.36 0.765 0.4 0.565 0.485 

0.3 1 0 0.3 1 0 

A 

0.3 1 0 

A 

0.3 1 0 

0.32 0.288 0.723 0.32 0.505 0.464 

0.35 0 1 0.35 0 1 

G 

0.8 0 1 

G 

0.8 0 1 

0.7 0.678 0.466 0.7 0.749 0.291 

0.6 1 0 0.6 1 0 
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previous findings shown that more than 60% probability (odd>1.5) of normotensive offspring have the hereditary 

nature of hypertensive parents [3]. 

 

 

 

Table 6. Logistic regression analysis for causal inference 

 

HTM=1 and G=1 

Predictive Probability of R=1 At Cutoff point of 0.2 

0.24 
Sensitivity Specificity 

0.23 0.88 

HTM=1 and R=1 

Predictive Probability of G =1 At Cutoff point of 0.7 

0.64 
Sensitivity Specificity 

0.68 0.47 

G=1 and R=1 

Predictive Probability of HTM=1 At Cutoff point of 0.25 

0.33 
Sensitivity Specificity 

0.64 0.43 

 

A predict model of having increased arterial 

stiffness for the subjects was constructed by the 

sensitivity characteristics of the covariate predictors 

gender, age and hypertensive mother. 39% accuracy by 

chance to observe the occurrence of increased arterial 

stiffness for subjects at cutoff 0.15, which is even less 

than making a random guess for the event. In other 

word, less than 11% (0.39×0.29=0.11) by chance that a 

male offspring with age older than 45 years old and 

hypertensive mother can have V≥1400 cm/s trait for 

the high-risk of angiosclerosis. The probability is truly 

low. According to our analysis, causal inference may 

help us to recognize that a subject having the 

probability of both increased arterial stiffness and 

hypertensive mother would be over 64% by chance to 

be observed, meanwhile this target event occurred of 

68% probability correctly being assured that the subject 

is a male, at least, this finding is higher than the 

probability of a random guess. However, this result 

does not help too much determine of angiosclerosis 

being inherited from hypertensive mother. 

Understanding the sensitivity of features of the 

predictors in this study does not provide information 

about which genes or environmental impacts are 

involved, or their importance in determining 

characteristics. Our sensitivity calculations are only 

used to express the variation ratio of hypertensive 

mother, age and gender would affect the high-risk of 

angiosclerosis via the measurements of V (≥1400 cm/s). 

Specifically, the proposed model we have established is 

to identify the characteristics of considering 

hypertensive mother in cross sectional statistical 

analysis of the risk of angiosclerosis. Long-term 

observations to estimate the main source of bias in 

heritability should still depend on the features of blood 

biochemical tests and the scale of interactions of these 

factors, as well as disease diagnosis [32]. Our cross-

sectional estimation is only used to understand the 

effects of hypertensive mother may impact the 

occurrence of having high risk of Angiosclerosis being 

determined by E-cardiac measurement significantly 

and co-affected by age and gender. A possible 

explanation may be related to the result from Anglo-

Cardiff Collaborative Trial (ACCT), which is that pulse 

wave velocity is increased rather later in life (≥45 years) 

as well [33, 34].  

This study enabled us to evaluate data on a 

large selected sample of individuals without 

environmental variability even we still must take the 

cutoff at 15% for the sensitivity analysis. Participants 

were all recruited from regular customers with similar 

lifestyles and dietary habits, which reduced the 

environmental confounders. Several limitations of the 

present study must be acknowledged. First, in 

developing countries like China, large sections of the 

community remain undiagnosed cardiac diseases and 

therefore the accuracy of self-reported family history 

would become a challenge. Another limitation was the 

cross-sectional nature of the study and the usefulness of 

family history in risk prediction, which should be 

tested in larger prospective studies. In addition, our 

study sample comprised relatively healthy young to 

middle aged community dwelling individuals of 

Chinese population in Zhengzhou city, which were 
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limited the generalizability of our observations to other 

age groups and ethnicities. 

 

Conclusions 

The use of logistic regression analysis can be 

effective and feasible for the study of causality. The 

dominant paradigm should be the activity of simulating 

nature, not the activity of the experimenter. Contrary to 

the paradigm of conservative statistics, we started with 

the relationships we knew in advance. Based on the 

logistic regression analysis that we have enough 

relationships to judge how predictor works, we clearly 

defined whether the events we are interested in meet 

empirical data and estimate them based on logistic 

regression relationships [31-34].  

Our analysis has shown that a subject could be 

only predicted 39% correctly to be a male over the age 

of 45 years old with history of hypertensive mother. He 

has 29% by chance of having both angiosclerosis (V ≥ 

1400 cm/s) and hypertensive mother. For normotensive 

offspring, this possibility should not be neglected 

clinically. However, it does not provide sufficient 

evidence to support the genetic characteristics of 

having the risk of increased arterial stiffness with 

hypertensive mother because of low accurate predictive 

rate. This study provided evidence against previous 

studies.  

Checking from different point of view, as 

different findings can be explained by different 

perspectives of causal inference, a subject both having 

the high-risk of angiosclerosis and hypertensive mother 

by regression analysis was speculated of 64% by 

chance is male and correctly predicted of 68% by 

chance of the occurrence to assure the subject is a male 

at the 0.7 cutoff point. Those observations and 

estimations may not be sufficient to support a 

normotensive male subject is inherited from a 

hypertensive mother to obtain the high-risk of 

angiosclerosis because of the crux of the problem is 

that the proportion of subjects with both risk of 

angiosclerosis and hypertensive mother in the 

population is too low. Conclusively, we were unable to 

see enough causal evidence of the heritability of the 

high-risk of angiosclerosis with hypertensive mother 

for normotensive offspring. 
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